Abstract: Secondhand smoke (SHS) is a major risk factor for poor health outcomes among women in China, where proportionately few women smoke. This is especially the case as it pertains to women's reproductive health, specifically migrant women who are exposed to SHS more than the population at large. There are several factors which may increase migrant women's risk of SHS exposure. This paper aims to investigate the prevalence and associated factors of SHS exposure among internal Chinese migrant women of reproductive age. The data used were derived from the 2014 Chinese Labor Dynamic Survey, a national representative panel survey. The age-adjusted rate of SHS exposure of women of reproductive age with migration experience was of 43.46% (95% CI: 40.73%-46.40%), higher than those without migration experience (35.28% (95% CI: 33.66%-36.97%)). Multivariate analysis showed that participants with a marital status of "Widowed" had statistically lower exposure rates, while those with a status of "Cohabitation" had statistically higher exposure. Those with an undergraduate degree or above had statistically lower SHS exposure. Those with increasing levels of social support, and those who currently smoke or drink alcohol, had statistically higher SHS exposure. Participants' different work-places had an effect on their SHS exposure, with outdoor workers statistically more exposed. Our findings suggest that urgent tobacco control measures should be taken to reduce smoking prevalence and SHS exposure. Specific attention should be paid to protecting migrant women of reproductive age from SHS.
Introduction
Tobacco use is a worldwide public health problem, and is a major preventable risk factor of diseases and death [1] . Estimated total tobacco-attributable deaths will reach 8.3 million in 2030, mainly from low-and middle-income countries [2] . Secondhand smoke (SHS) is almost as risky as smoking itself. SHS not only impairs the health of those exposed [3] [4] [5] , but also leads to adverse reproductive outcomes for exposed reproductive women, such as infertility [6] , spontaneous abortion [7] , low birthweight [8] , preterm birth [9] [10] [11] , infant death [12] , and is also dangerous to the health of children [13, 14] .
China has a high tobacco prevalence and high levels of secondhand smoke exposure, which results in a particularly high smoking-related disease burden that is still on the rise [15, 16] . As reported by the Global Adult Tobacco Survey (GATS) [17] , in 2010, an estimated 28.1% of adults in China (52.9% of men and 2.4% of women) were smokers. Women, although with a relatively low smoking rate, are exposed to tremendous hazards of the high tobacco prevalence, bearing nearly 80% of the total disease burden of SHS [18] . As reported by nonsmokers, 72.4% were exposed to secondhand smoke with 38.0% exposed on a daily basis [19] . However, most Chinese women do not fully recognize these hazards and therefore do not successfully avoid SHS exposure [17] , even before and/or during their pregnancy [20] .
The Chinese population has experienced a massive internal migration tide since the economic reform and opening-up. The number of migrants leaving their officially registered places of residence has been estimated as 50 million in 1990, 121 million in 2000, and 253 million in 2014 [21] . Of these 253 million 78% are between the ages of 15 to 59, and half of them are women [21] . Due to the Chinese hukou (household registry) system, these migrants do not have the same rights as the local permanent residents. These rights include benefits such as social security and welfare, which are tied to permanent residency registration. In addition to those institutional reasons, leaving their previous residences and living a migratory life, is in itself a hazardous situation for those migrants. All of the above reasons make migrants a particularly vulnerable population.
According to a series of studies of different groups of migrants, migrants have higher smoking rates than the general population, ranging from 48.7% to 64.9% for males, and from 2.1% to 10.9% for females [22] [23] [24] [25] [26] . Although we believe migrants have a high tobacco contact rate, studies aiming to investigate the SHS exposure of the migrant population, especially migrant reproductive women are still lacking. Some characteristics of reproductive migrant women, such as younger average age, low education levels, and migratory lifestyles as well as their work and living environments [5, 21, 27] may increase their exposure to SHS. Several studies have reported that SHS exposure among migrant women is between 62% and 64% [28, 29] . These estimates were based on subgroups of migrants (including several typical employed populations) and are not representative of the entire migrant population. Additionally, the definition of SHS exposure in those studies did not consider the exposure time duration, but only tested whether there was any chance of exposure to SHS. This loose definition weakens the explanatory power of these studies on the health impact estimate of SHS exposure.
Our study uses a nationally representative sample to estimate the SHS exposure (defined as more than 15 min daily exposure) rate among internal Chinese migrant women of reproductive age. It also makes an age-adjusted rates comparison to those without migration experience, and investigates associated factors which may impact the exposure.
Methods

Data and Sampling
The data were derived from the 2014 Chinese Labor Dynamic Survey (CLDS), which was the second wave of a nationally representative panel survey [30] . The survey was sponsored by the Center for Social Survey at Sen Yat-sen University. It used computer assisted personal interviewing methodology and sampled with a multi-stage stratified sampling method. The survey targeted individuals age 15 to 65, and covered 29 out of 31 province-level administrative areas of mainland China (excluding Tibet and Hainan). The second wave was conducted in the same communities as the first wave (applied in year 2012). Of a total of 23,594 respondents in the second wave, 10,053 were follow up samples from the first wave, and 13,541 were newly added participants. We extracted and analyzed the data from women aged 15 to 49, the range usually used as reproductive age in World Health Organization (WHO) documents [31] .
Variable Definitions
Secondhand Smoke
SHS exposure has been defined as exposure to another person's tobacco smoke for at least 15 min per day for more than one day every week [32] . Participants were asked "the average frequency they were exposed to another person's tobacco smoke for at least 15 min per day", with choices of "Almost every day", "Equal to or more than 3 days per week", "Equal to or more than 1 day and less than 3 days per week", "Less than 1 day per week" and "No exposure". Participants who chose one of the first three choices were recognized as SHS exposed.
Migration Experience
In this study, we categorize the overall population into two groups, those with migration experience and those without migration experience. We define people with migration experience as those who had the experience of leaving their registered residence (according to the hukou system) for more than 6 months. This "6-months" definition has been widely used by the Chinese government as a handy management rule. In the Chinese academic community, researchers have also accepted this definition as the migratory lifestyle may require a period to affect the behavior or health of those migrants.
Demographic Variates
Demographic characteristics used in this paper include age group ("15-19", "20-29", "30-39", "40-49"), marital status ("Single", "Married: First Marriage", "Married: Non-first Marriage", "Divorced" and "Widowed"), and education level ("Primary School or Illiteracy", "Secondary School", "High School or Equivalent" and "Undergraduate or Above").
Other Covariates
The social support variable was first a score of the linear combination of three questions examining the numbers of people that the participant could refer to when they needed to speak their minds, discuss important issues or borrow money equivalent to 5000 RMB (approximately 800 US dollars). Then we divided it into four levels according to the score's distribution characteristics, which were named "No Support", "Low Support", "Moderate Support", and "High Support". Self-reported health status was a Likert 5-scale item, with "Excellent", "Good", "Fair", "Poor" and "Very Poor" as the five scale answers. Tobacco smoke and alcohol use status were also recorded by the CLDS. Participants were categorized into "Smokers" and "Non-smokers" according to whether they had smoked in the past 30 days. Since women generally drink less alcohol in China, we categorized them into two levels according to the data distribution: "Less than once a week" and "Once a week or more". Work place information was also included in our study, and recoded as "Outdoors", "Factory Workshop", "Indoor Business Places", "Office", "Home (working from home)" and "Unfixed or Other (including those workers with unfixed workplaces and those without jobs)".
Statistical Analysis
The statistical software R (Version 3.2.0. R Foundation for Statistical Computing, Vienna, Austria) was used for statistical analysis. To make better comparisons of SHS exposure between different groups with different age structures, standardized rates were calculated, and a direct method was used [33, 34] . Univariate and multivariate logistic regressions were performed to identify the factors associated with SHS exposure. p-values of less than 0.05 were considered statistically significant.
Results
Demographics of the Study Population
We had 7617 women of reproductive age identified out of all survey participants (Table 1) . Of those participants, 41.1% were between 40 and 49; the majority were married and on their first marriage (76.6%). Most of the participants were not well educated (29.7% were primary school or below, and 34.4% were secondary school). 
SHS Exposure Status by Migration Experience
Of the 7617 participants, 2492 had migration experience and 5125 did not. Among participants with migration experience, 1094 (43.9%) had been exposed to SHS. 1806 (35.2%) of those without migration experience had been exposed (Table 1) . Figure 1 demonstrates the SHS exposure rates of different age groups ("15-19", "20-24", "25-29", "30-34", "35-39", "40-44", "45-49") for all participants, participants with and participants without migration experience. It shows that SHS exposure rates among women with migration experience were higher than among those without migration experience.
SHS exposure rates also showed disparities between different age groups ( Figure 1 ). The migrant population has an age structure different from the non-migrant population; migrants, on average, are younger [21] . Since age may be a confounding factor for the SHS exposure rates estimation and comparison, we calculated both the crude and the age-adjusted rates, as well as a 95% confidence interval. For individuals with migration experience, the crude SHS exposure rate was 43.90%, with an age-adjusted rate of 43.46% (95% CI: 40.73%-46.40%). For individuals without migration experience, the crude SHS exposure rate was 35.24%, with an age-adjusted rate of 35.28% (95% CI: 33.66%-36.97%).
Associated Factors of SHS Exposure: Results of Univariate and Multivariate Logistic Regressions
We tested the associated factors of SHS exposure among migrant women of reproductive age through univariate and multivariate logistic regression (Table 2) . For individuals with migration experience, the crude SHS exposure rate was 43.90%, with an age-adjusted rate of 43.46% (95% CI: 40.73%-46.40%). For individuals without migration experience, the crude SHS exposure rate was 35.24%, with an age-adjusted rate of 35.28% (95% CI: 33.66%-36.97%).
We tested the associated factors of SHS exposure among migrant women of reproductive age through univariate and multivariate logistic regression (Table 2) . In the multivariate adjusted model, age group showed no significant difference. The participants with a marital status of "Widowed" had lower rates of exposure, while those with a status of "Cohabitation" had higher rates. Married participants had higher rates of exposure in the univariate model, but the effect disappeared after multivariate adjustment. Those with an undergraduate degree or above had lower SHS exposure rates. Those with low social support or above, and those who drank alcohol once a week or more, had higher SHS exposure rates. Participants' different work places had an important effect on their SHS exposure. "Indoor Business Places", "Office", "Home" and "Unfixed or Other" had lower exposures than "Outdoors".
Discussion
This paper estimates secondhand smoke exposure among migrant women of reproductive age, and compares their exposure rates with that of their non-migrant counterparts using a population representative sample. For the control group-participants without migration experience-the age-adjusted SHS exposure was 35.28% (95% CI: 33.66%-36.97%). These values are lower when compared to the rates from the 2010 China Adult Tobacco Survey (71.6%) [19] , and from a study conducted on Jilin Province, China (60.6%) [35] . Other than the different age intervals considered, the most probable reason for this discrepancy is the variation in SHS definitions used. In our study, SHS required that the length of smoke exposure exceed a threshold of 15 min per day. Previous studies have not used this threshold, instead allowing for the usage of any length of exposure. Those participants who had experienced the migration process had a higher exposure to SHS. The age-adjusted exposure rate was 43.46% (95% CI: 40.73%-46.40%), more than 8% higher than participants without migration experience. This rate was also lower than the estimates in other migrants' studies (62.0% of women 18 and above [28] ; and 64.0% of women among 18-59 [29] ). A possible explanation for the discrepancy may be the definition of SHS exposure mentioned above as well as specific sampling frameworks. Previous studies have sampled participants based on several typical occupations that may not be representative of the migrant as a whole. This suggests that the migration experience may be a factor that increases the chances of coming into contact with SHS.
In the analysis of associated factors of SHS exposure among migrant reproductive women, age group showed no significant results. Thus, we believe this implies that smokers, when they smoke, have no consciousness of protecting young women from SHS exposure. On the other hand, this may be related to the higher smoking rates among their peers of similar age [23, 26] . Migrants tend to be younger than non-migrants [21] . High rates of exposure for young migrant women's high SHS exposure rate may yield worse health outcomes for China as a whole. This requires urgent attention.
Marital status showed that the widowed had lower exposure rates, and those who cohabitated had higher exposure rates. The higher rates of those who were married was significant in univariate analysis, but insignificant in multivariate analysis. This may be because unmarried migrants have a higher education level and the difference between married and unmarried in the univariate model was explained away by education level. This may suggest that the smoking status of family members (husbands or people in a relationship) can be important in women's SHS exposure [35] . Since almost all smokers are male (52.9% of men and 2.4% of women) in China, widows have less probability of being exposed to SHS.
Analysis of education level showed that the highly educated experience less SHS. This may be because the people around them are usually also highly educated as well and are therefore less likely to smoke [23, 36] . On the other hand, the highly educated may tend to intentionally avoid SHS in their daily life, as they may have more knowledge of the hazards of SHS. Since migrants are generally at low education levels [21] , the SHS problem of this population needs further attention.
Social support is a significant risk factor for SHS exposure. Participants with low to high social support have higher exposure than those without support. In China, tobacco smoking has strong socialization attributes and is often regarded as a social communication tool. Smokers tend to offer cigarettes to other people when they meet as a manner of showing respect. Many smokers even start conversations with this kind of respective cigarette offer. Furthermore, there is a tendency of persuading acquaintances to smoke (known as the contagious effect in literature [37] [38] [39] ). In this social context that tolerates smoking, smoking naturally becomes an easy and effective way for migrants to develop social connections in a new environment. Although women are generally expected not to smoke in Chinese culture, they cannot avoid SHS in such social activities. The more social ties people have, the higher the probability they will be exposed to SHS.
Self-reported health status showed no statistically significant results in the model. However, we noticed an increase in the ORs as health degraded. We hypothesize that participants with poorer health status had work or lifestyles that were connected with smoking environments. This require further studies with larger sample sizes and more detailed questionnaire tools.
Smokers had higher SHS exposure rates than non-smokers. We speculate that smokers tend to smoke with other smokers, or go to smoking areas more frequently than non-smokers. Thus, smokers are more likely to be exposed to SHS.
Alcohol use is statistically related to SHS exposure in the models, and this is supported by other studies [40] . This is also consistent with Chinese cultural tendencies. Cigarettes and alcohol are often consumed simultaneously, and women who drink cannot avoid SHS while drinking.
Workplace analysis showed that indoor work is a significant protective factor for avoiding SHS exposure. Different venues have different SHS exposure rates [28, 41] . Migrants usually work outdoors or in other places of high smoking rates where local residents have less interest [27] . Therefore, they are more likely to be exposed to SHS in their workplaces.
Considering the higher SHS exposure rates and the associated factors above, we believe that SHS is a serious problem for migrant reproductive women. We suggest that related policies or interventions be undertaken urgently. Firstly, migrant women should be made aware of the hazards of SHS through various health education programs. Secondly, smoke-free homes may be a good intervention choice since those married or cohabitating have higher rates of SHS exposure. Thirdly, culturally speaking, smoking should be recognized as a bad habit rather than a decent behavior. Smoking in front of others should be thought as shameful and should not be allowed. Additionally, tobacco related policies should be integrated into the occupational health system to reduce SHS exposure in the workplace. The high exposure rate is associated not only with the specific characteristics of those women, but also with the high smoking prevalence of the whole migrant population, as well as the greater population as a whole. To control SHS exposure, the government should take measures at once to implement smoke-free policies, and strengthen health education about the hazards of SHS for the society as a whole.
This study has several strengths and limitations. First, we explored the SHS exposure status of migrant reproductive women with SHS exposure defined as more than 15 min exposure, a metric which had not previously well studied in this population. Second, the data were derived from a national presentative survey. Thus, the prevalence estimation can be extrapolated to the larger population. With the comparison of non-migrants, the disadvantage of migrant reproductive women on SHS exposure is clearer. However, SHS exposure was assessed through self-reporting. Despite some recall bias, this method is still thought to be reliable. Moreover, we did not consider third-hand smoke (THS) in our paper. On the hazards of THS [42] , we suggest that further studies use the definition of environmental tobacco smoke, which contains both SHS and THS [43, 44] . Also, this large study is neither specific nor limited to tobacco exposure. Therefore, the factors associated with SHS exposure considered in this paper are limited. Several important variables, such as venues or sources of migrant women's SHS exposure, should be studied in further research. Well studied places of SHS exposure would suggest specific smoke-free locations as policy priorities. Variables associated with migration experience, cannot be exactly extracted from CLDS. Factors such as length of migration time could affect the exposure status or associated factors. This also deserves further study.
Conclusions
SHS exposure among reproductive women with migration experience was higher than those without migration experience. Marital status, lower education level, higher social support, as well as more alcohol use and an outdoor workplace are associated factors of higher SHS exposure. Urgent tobacco control measures should be taken to reduce the smoking prevalence and SHS exposure rates. Specific attention should be addressed to protecting migrant women of reproductive age.
